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(54) System and method for fabricating organic electroluminescent display devices 



(57) The invention has for its object to provide an 
organic EL display fabrication system and method which 
are well compatible with a substrate having a relatively 
large area and ensure a small film-thickness distribu- 
tion, high material usage efficiency, a high practical rate 
during film formation and a constant doping concentra- 
tion, and so enable organic EL display devices of high 
quality to be mass-fabricated with efficiency yet at low 
cosL The fabrication system comprises a substrate on 
which said organic EL display device is to be formed, a 
means for rotating said substrate, an evaporation 
source for a host material and an evaporation source for 
a guest material. An n value is 3 to 1 0 for the evaporation 
source for a host mate rial and 8 to 1 8 for the evaporation 
source for a guest material as given by an approximate 
equation m/mo = (Lo/L)2-cos" 9 where mQ is the vapor 
density at a center on an opening in each evaporation 
source and at a distance Lo from the opening and m is 
the vapor density at any position located at a radial angle 



6 from the center line of the opening and ispaced away 
from the opening by a distance L. The evaporation 
source for a host material is positioned with respect to 
the center of the substrate such that the evaporation 
source is located at a position that Is 1 .0 to 2.0 times as 
long as the center-to-end distance of the substrate. The 
evaporation source for a guest material is positioned 
with respect to the center of the substrate such that the 
evaporation source is located at a position that is 0.5 to 
1.0 time as long as the center-to-end distance of the 
substrate. The vertical distance from the opening in 
each evaporation source to a plane including a sub- 
strate surface is 1 .0 to 3.5 times as long as the center- 
to-end distance of the substrate. The evaporation 
source for a host material and the evaporation source 
for a guest material are simultaneously used for simul- 
taneous evaporation of at least two materials. In the fab- 
rication method of the invention, this system Is used for 
evaporation. 
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Description 

BACKGROUND OF THE INVENTION 

Fl ELD OF THE INVENTION ' 

[0001] The present Invention relates generally to an 
organic EL (electroluminescent) device fabrication sys- 
tem, and more particularly to a system for fabricating an 
organic EL display device using an evaporation process 
wherein an organic starting material for an organic EL 
device Is evaporated by heating, so that the organic 
starting material is deposited on a film-forming area on 
a substrate to form a thin film thereon. 

PRIOR ART 

[0002] Among fundamental techniques known for 
thin-film formation, there is a vacuum evaporation proc- 
ess wherein a thin film is formed using an appropriately 
combined evaporation source and film-forming sub- 
strate In a vacuum chamber. Various means for prepar- 
ing the evaporation source are available to this end. For 
instance, a so-called resistance-heating evaporation 
process is known, wherein currents are passed through 
a metal vessel (metal board) having a relatively high 
electric resistance, so that heat Is generated to evapo- 
rate the starting material, as set forth in "Applied Physics 
Letter", Vol. 68. No. 16, 15 April 1996, pp. 2276-2278. 
There is also known a so-called electron beam-laser 
beam evaporation process wherein the starting material 
is directly irradiated with electron or laser beams, so that 
the starting material is evaporated by the resulting en- 
ergy. Among these, the film-formation process (resist- 
ance-heating evaporation process) making use of re- 
sistance heating now finds wide applications because 
the film-formation system used is simple in structure and 
capable of forming a thin film of good quality at low costs. 

[0003] According to the resistance-heating evapora- 
tion process, a high-melting metal material such as 
tungsten, tantalum and molybdenum is processed into 
a thin sheet having an increased electric resistance, 
from which a starting materia! container (metal board) 
is in turn prepared. Then, a direct current is passed 
across the container to generate heat, which is used to 
evaporate the starting material, thereby providing a sup- 
ply of evaporated gas. A part of the diffused gas is de- 
posited on a substrate for thin-film formation. For the 
evaporation starting material used, any material having 
a relatively high vapor pressure may be used; however, 
materials susceptible to chemical reactions with the 
starting container must be avoided. 
[0004] Such a resistance heating system causes less 
damage to organic layers, and so can be advantageous- 
ly used as evaporation equipment for forming thin films 
constituting an organic EL device, for instance, organic 
films and cathodes. However, a substrate on which a 



thin film can be formed with such a vacuum evaporation 
system is limited to that having a relatively small size of 
the order of 100x100mm. when It Is intended to achieve 
uniform film thickness. Thus, when organic EL display 
5 devices are mass-fabricated by arranging organic EL 
devices on a matrix and making an appropriate selection 
from light-emitting elements to form characters, images 
or the like, thereby displaying thereon information, etc., 
the number of display devices that can be fabricated in 
10 one operation Is limited with a fabrication efficiency 
drop. In addition, some limitation is imposed on the size 
of manufacturable screens, making the application of or- 
ganic EL display devices to large screens difficult. 
[0005] When no care is taken of any thickness varia- 
15 tion, on the other hand, a film can be formed even on 
some large substrate. However, performance instability 
causes an Increased percentage of rejects, and in- 
creased luminance and display variations in one display 
device. Thus, it is still difficult to achieve practically ac- 
ceptable quality. 

[0006] In consideration of practicability on an indus- 
trial level, a problem with the resistance heating system 
using a metal board is that the amount of the material 
to be charged therein is limited. 
[0007] As one means for solving these problems, a 
process is now investigation, wherein a cell type evap- 
oration source capable of increasing the amount of the 
material to be fed is used to rotate a substrate while the 
position relation of the evaporation source with respect 
to the substrate is properly controlled with controlled di- 
rectivity of the evaporation source (JP-A 10-335062). 
[0008] On the other hand, the light emitting layer in an 
organic EL device is often adjusted to the desired light 
emission properties by doping one or two or more host 
substances with ultra-trace amounts of one or two or 
more fluorescent substances. However, even slight de- 
viations from the proper doping amount have fatal Influ- 
ences on light emission properties. 
[0009] When the cell type evaporation source is used 
to form a film form of doped layer, there is a doping con- 
centration distribution within a plane, which is caused 
by a difference in the directivity of evaporation between 
the high rate corresponding to the evaporation of the 
host material and the low rate corresponding to the 
evaporation of a guest material. This in turn causes or- 
ganic EL devices disposed within a substrate to have 
varying properties and each organic EL device to have 
a property distribution therein. 

[001 0] It is therefore an object of the present invention 
to provide an organic EL display fabrication system and 
method which are well compatible with a substrate hav- 
ing a relatively large area and ensure a small film-thick- 
ness distribution, high material usage efficiency, a high 
practical rate during film formation and a constant dop- 
ing concentration, and so enable organic EL display de- 
vices of high quality to be mass-fabricated with efficien- 
cy yet at low cost. 
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SUMMARY OF THE INVENTION 

[0011] The aforesaid object is achievable by the em- 
bodiments of the invention defined below as (1 ) to (10). 

5 

(1) An organic electroluminescent display device 
tabrication system comprising a substrate on which 
said organic EL display device is to be formed, a 
means for rotating said substrate, an evaporation 
source for a host material and an evaporation io 
source tor a guest material, wherein: 

an n value is 3 to 1 0 for said evaporation source 
for a host material and 8 to 18 for said evapo- 
ration source for a guest material as given by is 
an approximate equation m/mo = (Lo/L)2-cos" 6 
where mQ is a vapor density at a center on an 
opening in each evaporation source and at a 
distance Lofrom said opening and m is a vapor 
■ density at any position located at a radial angle 20 
G from a center line of said opening and spaced 
away from said opening by a distance L, 
said evaporation source for a host material is 
positioned with respect to a center of said sub- 
strate such that said evaporation source is Io- 2S 
cated at a position that is 1.0 to 2.0 times as 
long as a center-to-end distance of said sub- 
strate. 

said evaporation source for a guest material is 
positioned with respect to the center of said 30 
substrate such that said evaporation source is 
located at a position that is 0.5 to 1.0 time as 
long as the center-to-end distance of said sub- 
strate, 

a vertical distance from said opening in each 35 
evaporation source to a plane including a sub- 
strate surface is 1.0 to 3.5 times as long as the 
center-to-end distance of said substrate, and 
said evaporation source for a host material and 
said evaporation source for a guest material are 40 
simultaneously used for simultaneous evapo- 
ration of at least two materials. 

(2) The fabrication system according to (1 ) above, 
wherein the center line of each evaporation source 4S 
is at an angle of 1 to 45 degrees with respect to the 
perpendicular going from said plane including the 
substrate surface down to each evaporation 
source. 

(3) The fabrication system according to (1) or (2) so 
above, wherein said substrate has a maximum 
length of 200 to 1 ,000 mm. 

(4) The fabrication system according to any one of 
(1) to (3) above, wherein the organic layer to be 
formed has a film-thickness distribution of ± 1 0% or ss 

less. 

(5) The fabrication system according to any one of 
(1) to (4) above, wherein the rate of evaporation of 



said guest material is within 0.1 to 10% of the rate 
of evaporation of said host material. 

(6) The fabrication system according to any one of 
(1 ) to (5) above, wherein the center positions of said 
evaporation sources subjected to said simultane- 
ous evaporation are located within an angle of 90** 
as viewed from the center of said substrate. 

(7) The fabrication system according to any one of 
(1) to (6) above, wherein during evaporation said 
substrate is rotated by said rotation means at a rate 
of at least 10 rpm. 

(8) An organic electroluminescent display device 
fabrication method, wherein film formation is effect- 
ed by a system as recited in any one of (1) to (7) 
above. 

(9) The fabrication method according to (8) above, 
wherein evaporation is effected such that a film 
thickness of 10 A or less is obtained per rotation of 
said substrate. 

(10) The fabrication method according to (8) or (9) 
above, wherein the doped layer to be formed has a 
concentration distribution in a thickness direction 
thereof, with a maximum value of concentration be- 
ing at most 3 times as large as an average value of 
concentration in said layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a sectional view showing a half of one 
general construction of the system of the invention. 
[001 3] FIG. 2 is a plan view of FIG. 1 . 
[001 4] FIG. 3 is a sectional view of part of a Knudsen 
cell used preferably with the system of the invention. 
[0015] FIG. 4 is a graph showing an evaporation rate 
vs. n value relation (using Alq3). 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0016] According to the invention, there is provided 
an organic electroluminescent display device fabrica- 
tion system comprising a substrate on which said organ- 
ic EL display device is to be formed, a means for rotating 
said substrate, an evaporation source for a host material 
and an evaporation source for a guest material, wherein: 

an n value is 3 to 10 for said evaporation source for 
a host material and 8 to 18 for said evaporation 
source for a guest material as given by an approx- 
imate equation m/mo = (L(A)^-cos" G where mo is 
a vapor density at a center on an opening in each 
evaporation source and at a distance Lq from said 
opening and m is a vapor density at any position 
located at a radial angle 9 from a center line of said 
opening and spaced away from said opening by a 
distance L, 

said evaporation source for a host material is posi- 
tioned with respect to a center of said substrate 
such that said evaporation source is located at a 
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position that is 1 .0 to 2.0 times as long as a center- 
to-end distance of said substrate, 
said evaporation source for a guest materlat is po- 
sitioned with respect to the center of said substrate 
such that said evaporation source is located at a 
position that is 0.5 to 1.0 time as long as the center- 
to-end distance of said substrate, 
a vertical distance from said opening in each evap- 
oration source to a plane including a substrate sur- 
face is 1 .0 to 3.5 times as long as the center-to-end 
distance of said substrate, and 
said evaporation source for a host material and said 
evaporation source for a guest material are simul- 
taneously used for evaporation of at least two ma- 
terials. 

[0017] Thus, at least one evaporation source for the 
evaporation of the host material at a high rate and at 
least one evaporation source for the evaporation of the 
guest material at a low rate are provided. By effecting 
evaporation while the n values for these evaporation 
sources are regulated to the optimum ones and the ver- 
tical and horizontal positions of the substrate from its 
center to the evaporation sources are controlled, it is 
possible to obtain an organic layer having a reduced film 
thickness variation at a practically high film-deposition 
rate yet at a constant doping concentration as well as 
with high efficiency in using materials. 
[0018] For the evaporation sources for the host and 
guest materials, those of the same specification may be 
separately provided or different designs may be used. 
When a carrier Injecting layer, a carrier transporting lay- 
er and other layers, for which no doping is needed, are 
formed each in a film form, it is preferable to use evap- 
oration sources for the host material. 
[001 9] Requirements for evaporation sources are that 

(1 ) stable and precise temperature control is achievable, 

(2) the film -deposit ion rate is controllable, (3) the evap- 
oration sources are less susceptible to chemical reac- 
tions with the constituents of an organic EL display de- 
vice, and (4) the starting materials can be easily diffused 
into a vapor state in a stable manner. Additional require- 
ments for the evaporation source for the host material 
are that (5) the film-deposition rate is so relatively high 
that mass-fabrication is achievable and (6) the feed of 
the starting material enough for a large substrate can 
be ensured. 

[0020] No particular limitation is thus imposed on the 
evaporation sources used herein with the proviso that 
they can meet such requirements; that is, various evap- 
oration sources may be used. For such an evaporation 
source, it is preferable to use a Knudsen cell (hereinafter 
often called the K cell). The Knudsen cell is a cell having 
a given opening at a vapor jetting port. Given an opening 
diameter d and a film thickness t as parameters, the dis- 
tribution of vapor density on the jetting port is an approx- 
imate form of cos" G. Represented by the value of n is 
an approximate equation of m/mo cos" 9, where m is 



the vapor density at any arbitrary position and mo is the 
vapor density at the center of the opening. The smaller 
d/t, the larger the n value is or the sharper the form of 
the flame is. In one extreme case where t = 0, n = 1 with 

5 a spherical distribution of vapor density on the opening. 
This Is tantamount to evaporation from an open liquid 
surface, called Langmuir evaporation. 
[0021] While the n value changes with the material 
used and varies depending on the rate of evaporation 

10 as well, yet it may be regulated to a certain extent by 
control of d/t, etc. It is noted, however, that it is very dif- 
ficult to achieve the same n value for the host and guest 
materials that vary in the rate of evaporation by a factor 
of about 10 to about 100. For this reason, the n value 

15 should be between 3 and 10 and preferably between 4 
and 8 for the evaporation source for the host material, 
and between 8 and 1 8 and preferably between 9 and 1 6 
for the evaporation source for the guest material. This 
is because the vapor evaporating from the opening in 

20 the evaporation source, i.e., an orifice is variable with a 
variation in the n value. If the n value is within this range, 
then the system can work well. When the n value is 
smaller than the above lower limit, the spread of diffu- 
sion becomes too wide, resulting in a drop of film-for- 

25 mation efficiency. When the n value is greater than the 
above upper limit, the directivity of diffusion becomes 
too strong to accommodate to a large substrate. 
[0022] The evaporation source for the host material is 
horizontally positioned with respect to the center of the 

30 substrate such that the evaporation source is located at 
a position that is 1 .0 to 2.0 times, preferably 1 .0 to 1 .8 
times and especially 1 .1 to 1 .6 times as long as the cent- 
er-to-end distance of the substrate. Any deviation from 
this range renders it impossible to obtain any uniform 

35 film thickness distribution. The evaporation source for 
the guest material is horizontally positioned with respect 
to the center of the substrate such that the evaporation 
source is located at a position that is 0.5 to 1.0 time, 
preferably 0.6 to 0.9 times and especially 0.6 to 0.8 

40 times as long as the center-to-end distance of the sub- 
strate. Any deviation from this range renders it impossi- 
ble to obtain any uniform doping concentration distribu- 
tion. 

[0023] The vertical distance from the opening in the 
45 evaporation source to a plane including the surface of 
the substrate is 1.0 to 3.5 times, preferably 1.2 to 3.0 
times and especially 1 .4 to 2.5 times as long as the cent- 
er-to-end distance of the substrate. By tilting the evap- 
oration source at a given position offset away from the 
50 center of the substrate with respect to a constant range 
of n values, it is thus possible to achieve a uniform film 
thickness distribution, high material usage efficiency 
and high practical rate and, hence, obtain an organic EL 
display device of stable performance. 
5S [0024] The evaporation source is also tilted with re- 
spect to the substrate side such that the center line of 
the evaporation source passing vertically through the 
surface of the opening in the evaporation source is at 
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an angle of 1 to 45 degrees, preferably 3 to 30 degrees 
and especially 5 to 20 degrees with respect to the per- 
pendicular going from the plane including the surface of 
the substrate down to the evaporation source. By tilting 
the evaporation source, it is thus possible to achieve 
high material usage efficiency, because the vertical dis- 
tance between the evaporation source and the sub- 
strate can be made short while the film thickness distri- 
bution is kept in good condition. 

[0025] For evaporation, the substrate is rotated by the 
rotating means. It is then preferable that the evaporation 
source is inclined with respect to the center of rotation. 
Here given a circular cylinder crossing vertically the sub- 
strate surface and having a radius that is 0 to 0.5 times 
and preferably 0 to 0.2 times as long as the center-to- 
end distance of the substrate, it is then preferable that 
the center line of the evaporation source crosses the cir- 
cular cylinder Furthermore, it is preferable that the cent- 
er line of the evaporation source crosses the center of 
rotation of the substrate. 

[0026] The rotating means for rotating the substrate 
may be built up of a known rotating mechanism com- 
prising a power source such as a motor, a hydraulic ro- 
tating device or the like together with a power transmis- 
sion/reduction mechanism comprising gears, belts, pul- 
leys, etc. The substrate should preferably be rotated at 
10 rpm or greater, preferably 10 to 50 rpm, and espe- 
cially 10 to 30 rpm. When the rpm of the substrate is too 
high, problems arise in connection with sealability dur- 
ing the introduction of the substrate in a vacuum cham- 
ber. When the rpm of the substrate is too low, on the 
other hand, there is a composition variation in the thick- 
ness direction in the chamber, which in turn gives rise 
to a drop of the performance of the resulting organic EL 
device. 

[0027] By carrying out evaporation while the substrate 
is rotated, it is thus possible to achieve a uniform film- 
thickness distribution, high material usage efficiency 
and practical rates even when a large substrate is used. 
[0028] The thickness of the film deposited on the sub- 
strate per rotation of the substrate, viz., the rate of evap- 
oration per rotation of the substrate should be preferably 
10 A or less, and more preferably 1 to 5 A. Too thick a 
film gives rise to a composition variation in the thickness 
direction within the chamber. Too thin a film is likely to 
offer problems upon the introduction of rotation in the 
vacuum chamber. 

[0029] By tilting or inclining the evaporation source, it 
is possible to achieve a satisfactory film-thickness dis- 
tribution even over a short vertical distance. As already 
explained, the m/mo ratio may be given by the approxi- 
mate equation 

m/mo = (Lo^)^-(cos 8)" 

where mo is the vapor density at the center on the open- 
ing In the evaporation source and at the distance Lof rom 



the opening and m is the vapor density at any position 
kDcated at the radial angle e from the center line of the 
opening and spaced away from the opening by the dis- 
tance L A reduction in the vertical distance is tanta- 
5 mount to a reduction in the distance L. In other words, 
it is possible to increase the rate of deposition onto the 
substrate while the rate of evaporation from the evapo- 
ration source is kept constant. That the rate of deposi- 
tion onto the substrate can be increased while the rate 
10 of evaporation from the evaporation source is kept con- 
stant is tantamount to that it is possible to increase the 
material usage efficiency that is the rate of the material 
deposited onto the substrate with respect to the material 
evaporated from the evaporation source. 
15 [0030] As mentioned above, it is possible to achieve 
a satisfactory film-thickness distribution even with a 
shorter vertical distance. In other words, it is possible to 
reduce system size even when setting up a system com- 
patible with a large-area substrate. 
20 [0031] If the evaporation source positioned with re- 
spect to the center of the substrate such that the evap- 
oration source is located at the position that is 1 .0 to 2.0 
times as long as the center-to-end distance of the sub- 
strate is inclined with respect to the center side of the 
25 substrate, it is also possible to make effective use of the 
aforesaid spread, so that while the rate of evaporation 
from the evaporation source is kept constant, the rate 
of deposition onto the substrate can be increased with 
an increase in material usable efficiency. 
30 [0032] Within the aforesaid range, a plurality of evap- 
oration sources for each of the host and guest materials 
may be located concentrically with respect to the center 
of the substrate. Preferably in this case, evaporation 
source for the host material and the evaporation source 
35 for the guest material should be disposed within the an- 
gle range of preferably 90*, and more preferably 60* as 
viewed from the center axis of the substrate. By dispos- 
ing the evaporation sources within such an angle range, 
it is possible to reduce a variation in the doping concen- 
40 tration in the thickness direction. 

[0033] The film-thickness distribution of the thus 
formed thin film should be within preferably ± 1 0%, more 
preferably ± 9%, and even more preferably ± 8%. A film- 
thickness distribution greater than ± 10% causes the 
45 performance of an organic EL display device to become 
unstable. 

[0034] When the formed film is a mixed layer, the 

doped layer may have a guest material concentration 
distribution in the thickness direction. Preferably in this 
so case, the concentration of the guest material should 
have a maximum value that is at most 3 times and es- 
pecially about 1 to 2 times as large as the concentration 
of the guest material in the film. 

[0035] Thin films formed for the constituents of an or- 
ss ganic EL display device with the system according to 
the present invention, for instance, include a hole inject- 
ing and transporting layer, a combined light emitting and 
electron injecting/transporting layer, an electron Inject- 
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ing electrode, and a protective layer. The materials used 
for these thin films may be metal materials, alloy mate- 
rials and organic materials having the same composition 
as the thin films or capable of providing the same com- 
position by evaporation. 

[0036] For the electron injecting electrode material, it 
is preferable to use a substance having a low work func- 
tion. For instance, use may be made of pure metal ele- 
ments such as K, LI, Na, Mg, La, Ce, Ca, Sr, Ba, Al, Ag, 
In, Sn, Zn, and Zr, and a binary or ternary alloy system 
serving as a stabilizer and containing those elements. 
Exemplary alloys are Ag-Mg (Ag: 0.1 to 50 at%), Al-Li 
(Li: 0.01 to 14 at%, and especially 0.01 to 12 at%), In- 
Mg (Mg: 50 to 80 at%), and A!-Ca (Ca: 0.01 to 20 at%). 
For the electron injecting electrode layer, a thin film com- 
prising one of these materials or a multilayer thin film 
comprising two or more of these material may be used. 
[0037] For the protective layer, metal materials, Inor- 
ganic material such as SiOx, and organic materials such 
as Teflon may be used. 

[0038] For the light emitting layer a fluorescent mate- 
rial that is a compound capable of emitting light is used. 
The fluorescent material used herein, for instance, may 
be at least one compound selected from compounds 
such as those disclosed in JP-A 63-264692, etc., 
quinacridone, rubrene, and styryl dyes. Use may also 
be made of quinoline derivatives such as metal complex 
dyes containing 8-quinolinol or its derivatives as ligands, 
for instance, tris(8-quinolinolato) aluminum, tetraphe- 
nylbutadiene, anthracene, perylene, coronene, and 
12-phthaloperinone derivatives. Use may further be 
made of phenylanthracene derivatives disclosed in JP- 
A 8-1 2600 (Japanese Patent Application No. 6-1 1 0569) 
and tetraarylethene derivatives disclosed in JP-A 
8-12969 (Japanese Patent Application No. 6-114456). 
[0039] Preferably, the fluorescent compound is used 
in combination with a host substance capable of emitting 
light by itself; that is, it is preferable that the fluorescent 
compound is used as a dopant. In such a case, the con- 
tent of the dopant in the light emitting layer is in the range 
of preferably 0.01 to 10 % by volume, and especially 0. 1 
to 5% by volume. The content of a rubrene dopant is 
preferably in the range of 0.01 to 20% by volume. By 
using the fluorescent compound in combination with the 
host substance, it is possible to vary the wavelength per- 
formance of light emission of the host substance, there- 
by making light emission possible on a longer wave- 
length side and. hence, improving the light emission ef- 
ficiency and stability of the device. 
[0040] Quinolinolato complexes, and aluminum com- 
plexes containing 8-quinolinol or its derivatives as lig- 
ands are preferred for the host substance. Such alumi- 
num complexes are typically disclosed in JP-A's 
63-264692, 3-255190, 5-70733, 5-258859, 6-215874, 
etc. 

[0041] Exemplary aluminum complexes include tris 
(8-quinolinolato)aluminum, bis(8-quinolinolato)magne- 
sium, bis(benzo{f}-8-quinolinolato)zinc, bls(2-methyl- 



8-quino!inolato)alumlnum oxide, tris(8-quinolinolato)in- 
dium, tris(5-methyI-8-quinolinolato)aluminum, 8-quino- 
linolatolithium, tris(5-chloro-e-quinolinolato)gallium, bis 
(5-chloro-8-qulnolinolato)calcium, 5,7-dichloro-8-quin- 
5 olinolato-aluminum, tris(5.7-dibromo-8-hydroxyquino- 
lino!ato)aluminum, and poly[2inc(ll)-bis(8-hydroxy- 
5-quinolinyl)methane]. 

[0042] Use may also be made of aluminum complex- 
es containing other Ilgands in addition to 8-quinolinol or 
10 its derivatives, for instance, bis(2-methyl-8-quinolinola- 
to)(phenolato) aluminum (Ml), bis(2-methyl-8-quino- 
linolato)(o-cresolato) aluminum (III), bis(2-methyl-8-qui- 
nolinolato)(m-cresolato) aluminum (III), bls(2-methyl- 
8-quinollnolato)(p-cresolato) aluminum (III), bis(2-me- 
is thyl-8-qulnolinolato)(o-phenylphenolato)aluminum (Ml), 
bis(2-methyl-6-quinolinolato)(m-phenylphenolato)alu- 
minum (III), bis(2-methyl-8-quinolinolato)(p-phenylphe- 
nolato)aluminum (III), bis(2-methyl-8-quinolinolato) 
(2,3-dimethylphenolato)aluminum (111), bis(2-methyl- 
20 8-quinolinolato)(2,6-dimethylphenolato) aluminum (111), 
bis(2-methyl-8-quinolinolato)(3,4-dimethylphenolato) 
aluminum (III), bis(2-methyl-8-quinollnolato) 
(3,5-dimethylphenolato)aluminum (Ml), bis(2-methyl- 
8-quinolinolato)(3,5-di-tert-butyIphenolato)aluminum 
2S (III), bis(2-methyl-8-quinollnolato)(2,6-diphenylpheno- 
lato)alumlnum (111), bis(2-methyl-8-quinolinolato) 
(2.4,6-triphenyi-phenolato)aluminum (III), bis(2-methyl- 
8-quinolinolato) (2,3,6-trimethylphenolato) aluminum 
(111), bis(2-methyl-8-qulnolinolato) (2,3,5,6-tetramethyl- 
30 phenolato)aluminum (Ml), bis(2-methyl-8-qulnolinolato) 
(1 -naphtholato)aluminum (III), bis(2-methyl-8-quino- 
linolato) (2-naphtholato)aluminum (ill), bis(2,4-dime- 
thyl-8-quinolinolato)(o-phenylphenolato)aluminum (III), 
bis(2,4-dimethyl-8-quinolinolato)(p-phenylphenolato) 
35 aluminum (111), bis(2,4-dimethyl-8-quinollnolato)(m- 
phenylphenolato)aluminum (111), bis(2,4-dimethyl-8-qul- 
nolinolato) (3,5-dimethylphenolato)aluminum (111), bis 
(2,4-dimethyl-8-quinoIinolato) (3,5-di-tert-butylphenola- 
to)aluminum (III). bis(2-methyl-4-ethy!-8-quinolinolato) 
40 (p-cresolato)aluminum (III), bis(2-methyl-4-methoxy- 
8-quinolinolato)(p-phenylphenolato)aluminum (111), bis 
(2-methyl-5-cyano-8-quinolinolato)(o-cresolato)alumi- 
num (III), and bis(2-methyi-6-trifluoromethyl-8-quino- 
linolato)(2-naphtholato)aluminum (III). 
45 [0043] Besides, use may be made of bis(2-methyl- 
8-quinolino!ato)aluminum (ill)-|i-oxo-bis(2-methyl- 
8-quinolinolato) aluminum (Ml). bis(2,4-dimethyl-8-qutn- 
olinolato)aluminum (lll)-jj.-oxo-bis(2,4-dimethyl-8-quln- 
olinolato)aluminum (Ml), bis(4-ethyl-2-methyl-8-quino- 
50 !inolato)aluminum (lll)-p.-oxo- bis(4-ethyl-8-quinolinola- 
to)aluminum (111), bis(2-methyl-4-methoxyquinolinolato) 
aluminum (lll)-M^-oxo-bis(2-methyl-4-methoxyquino- 
linolato)aluminum (Ml), bis(5-cyano-2-methyl-8-quino- 
lino!ato)alumlnum (1 ll)-)i-oxo-bls (5-cyano-2-methyI- 
55 8-quinolinolato)aIuminum (1 1 1), bis(2-methyl-5-trifluor- 
omethyl-8-quinoiinolato)aluminum (lll)-^-oxo-bls(2-me- 
thyl-5-trifluoromethyl-8-quinolinolato)aluminum (III), 
etc. 
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[0044] Other preferable host substances include phe- 
nylanthracene derivatives disclosed in JP-A 8-12600 
(Japanese Patent Application No. 6-110569). 
tetraarylethene derivatives disclosed in JP-A 8-12969 
(Japanese Patent Application No. 6-114456). etc. 
[0045] In the present invention, the light ennitting layer 
may also serve as an electron Injecting and transporting 
layer. In this case, it is preferable to use a fluorescent 
material, e.g.. tris(8-quinolinolato)aluminum or the like. 
[0046] For the compounds capable of injecting and 
transporting electrons, it is preferable to use metal com- 
plexes containing quinoline derivatives, especially 
8-quinolinoI or its derivatives as ligands, in particular. 
tris(8-quinolinolato) aluminum (Alq3). It is also prefera- 
ble to use the aforesaid phenylanthracene derivatives, 
and tetraarylethene derivatives. 

[0047] For the compounds for the Injection and trans- 
portation of holes, it is preferable to use amine deriva- 
tives having strong fluorescence, for instance, triphenyl- 
diamine derivatives, styrylamine derivatives, and amine 
derivatives having an aromatic fused ring. 
[0048] Preferably, the pressure for evaporation 
should be 1 X 10-8 to 1 X 10-5 jorr, and the evaporation 
source should preferably be heated to a temperature of 
about 1 00 to 1 ,400**C for metal materials and to a tem- 
perature of about 100 to 500*^0 for organic materials. 
[0049] The substrate is not critical to the practice of 
the present invention provided that thin films for consti- 
tuting an organic EL display device can be laminated 
thereon. The substrate, when it is located on the side 
out of which light is taken, may be formed of a transpar- 
ent or semi-transparent material, for instance, glass, 
quartz, and resin. The substrate may further be used in 
combination with a color filter film, fluorescent material- 
containing color conversion film or dielectric reflecting 
film for controlling the color of light emission. The sub- 
strate, when it is located on the side out of which the 
emitted light is not taken, may be either transparent or 
opaque. Ceramics, etc. may be used for an opaque sub- 
strate. 

[0050] The size of the substrate, too, is not critical to 
the practice of the present invention. However, the sub- 
strate should preferably have a maximum length, esp.. 
a diagonal length of 200 to 1 ,000 mm, and especially 
400 to 700 mm. Although no problem arises at a maxi- 
mum length of less than 200 mm. yet a substrate having 
a maximum length of 200 mm or greater is preferable 
because a unifomm film-thickness distribution is achiev- 
able. A substrate of greater than 1 .000 mm in size is not 
preferable because a film-formation system becomes 
large, resulting in a drop of film -formation efficiency and 
making film thickness control difficult. 
[0051] A more Illustrative construction of the fabrica- 
tion system according to the invention will now be ex- 
plained with reference to the drawings. 
[0052] Fig. 1 is a sectional view illustrating a half of 
the basic construction of the present system. As illus- 
trated, the organic EL display device fabrication system 



of the present invention comprises a substrate 2. a table 

3 with evaporation sources placed thereon and a plural- 
ity of evaporation sources 4. Illustrated in Fig. 1 is a right 
half of the fabrication system with respect to the center 

5 C/L of the substrate 2. Thus, the evaporation source 4a 
for the host material is located at a position between the 
center-to-end distance a of the substrate and a distance 
b that is twice as long as the distance a, and the evap- 
oration source 4b for the guest material is located at a 

10 position between a distance c that is 0.5 times as long 
as the center-to-end distance a of the substrate and the 
center-to-erid distance a of the substrate, with a vertical 
distance c from an opening 24 in the evaporation source 

4 to the substrate 2 being 1 .0 to 3.5 times as long as the 
IS center (C/L)-to-end distance of the substrate 2. It is here 

noted that the position of the evaporation source 4 (4a, 
4b) is defined by the center position of the opening in 
the evaporation source 4. 

[0053] The evaporation source 4 is also inclined with 
20 respect to the side of the substrate 2 such that a center 
line of the evaporation source 4 passing vertically 
through the surface of the opening is at an angle 92 of 
1 to 45 degrees, preferably 3 to 30 degrees and espe- 
cially 5 to 20 degrees with respect to a perpendicular 11 
2S going from a plane including the substrate surface down 
to the evaporation source 4. 

[0054] Fig. 2 is a plan view of the Fig. 1 system as 
viewed from above (from the substrate side). In this ex- 
ample, the evaporation sources 4a and 4b are each dis- 

30 posed at an angle G of 30** as viewed from the center of 
the substrate. Here given a circular cylinder crossing 
vertically the substrate surface and having a radius R 
that is 0 to 0.5 times and preferably 0 to 0.2 times as 
long as the center-to-end distance of the substrate, it is 

35 then preferable that the center line of the evaporation 
source 4 crosses the circular cylinder. More preferably, 
the center line of the evaporation source 4 crosses the 
center of rotation of the substrate. 
[0055] Fig. 3 is a sectional view of part of a more spe- 

40 cific embodiment of the evaporation source 4 preferably 
used in the present invention. As illustrated, the evapo- 
ration source 4 comprises an outer case 21 , a heat in- 
sulator 22, a crucible 23, an opening 24. a material 25, 
a heating means 26 and a temperature sensor means 

45 27. 

[0056] The crucible 23 should preferably be made up 
of a material less susceptible to chemical reaction with 
the material 25 to be evaporated and capable of stand- 
ing up to a given temperature, for instance, ceramics 

so such as pyrolytic boron nitride (PBN) and alumina, and 
quartz, with PBN being particularly preferred. Preferably 
but not exclusively, the outer case 21 should be made 
up of a material having given strength, corrosion resist- 
ance, etc. For instance, an appropriate selection may 

55 be made from the following materials for the heat insu- 
lator 22. Alternatively, the outer case 21 may be formed 
of the heat insulator 22, The heat insulator 22 may be 
made up of a material having heat reflection, heat re- 
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sistance, corrosion resistance, etc., for instance, molyb- 
denum, tantalum, stainless steel (SUS 316), Inconel, 
cow-wool, and asbestos. 

[0057] For the heating means 26, use may be made 
of any desired device having given heat capacity, reac- s 
tivity, etc., for instance, a tantalum wire heater and a 
sheath heater By the heating means 26, the evapora- 
tion source should preferably be heated to a tempera- 
ture of about 100 to 1 , 400*0, and precision of temper- 
ature control should be typically about ±1 °C and prefer- io 
ably about ± 0.5*C at LOOO^C, although varying de- 
pending on the material to be evaporated. The temper- 
ature sensor means 27 may be a sensor capable of pro- 
viding correct detection of the temperature of the mate- 
rial 25 in the crucible 23, which sensor may be made up is 
of a thermocouple such as a platinum/platinum-rho- 
dium, and tungsten/tungsten-rhenium. 

EXAMPLES 

20 

[0058] The present invention will now be explained 
more specifically with reference to examples. 

Example 1 

25 

[0059] As shown in Fig. 2, a substrate of 300 mm x 
400 mm in size was provided in a vacuum tank. Three 
evaporation sources for the host material were located 
at positions spaced 300-mm away from the center of the 
substrate, and one evaporation source for the guest ma- 3o 
teriai was located at a position spaced 240-mm away 
from the center of the substrate. In this case, the vertical 
distance from a plane including the substrate surface to 
the opening in each evaporation source was fixed at 500 
mm, and the center positions of adjacent evaporation 3S 
sources made an angle 9 of 30 degrees with each other 
as viewed from the center of the substrate. 
[0060] The evaporation sources were disposed in the 
order of host-1 , host-2, guest, and host-3. 
[0061] Then, each evaporation source was used to 40 
form a single layer by evaporation, the film thickness dis- 
tribution of which was in turn measured. 
[0062] While the substrate was rotated, the evapora- 
tion source-1 for the host material was used for the 
evaporation of m-MTDATA (N,N-dipheny!-N,N'-m-tolyl- 4S 
4,4',4,4',4"-tris(-N-(3-methylphenyl)-N-phenylamino) 
triphenylamine)). At this time, the rate of film deposition 
on the substrate was 1 .0 Awhile the n value for the evap- 
oration source was n = 6. The film was formed to a thick- 
ness of 1,000 A. By measurement, the variation in the so 
film thickness distribution in the substrate surface was 
found to be limited to within ± 3%. 
[0063] While the substrate was rotated, the evapora- 
tion source-2 for the host material was used for the 
evaporation of TPD (N,N'-diphenyl-N,N'-m-tolyl-4,4'-di- ss 
amino-l.l'-biphenyl (triphenylamine)). At this time, the 
rate of film deposition on the substrate was 1 .0 A while 
the n value for the evaporation source was n = 6. The 



film was formed to a thickness of 1 ,000 A. By measure- 
ment, the variation in the film thickness distribution in 
the substrate surface was found to be limited to within 
± 3%. 

[0064] While the substrate was rotated, the evapora- 
tion source-3 for the host material was used for the 
evaporation of Alq3 (tris(8-quinolinolato)aluminum). At 
this time, the rate of film deposition on the substrate was 
1 .0 A while the n value for the evaporation source was 
n = 6, The film was formed to a thickness of 1 ,000 A. By 
measurement, the variation in the film thickness distri- 
bution in the substrate surface was found to be limited 
to within ± 3%. 

[0065] While the substrate was rotated, the evapora- 
tion source for the guest material was used for the evap- 
oration of rubrene. Atthis time, the rate of film deposition 
on the substrate was 0.01 A while the n value for the 
evaporation source was n = 12. The film was formed to 
a thickness of 500 A. By measurement, the variation in 
the film thickness distribution in the substrate surface 
was found to be limited to within ± 7%. 
[0066] In addition, this film -formation system was 
used to fabricate an organic EL device. 
[0067] An ITO film of 1 .000 A in thickness was formed 
on a glass substrate of 300 mm x 400 mm in size and 
0.7 mm in thickness, and a pattern corresponding to a 
pixel pattern of an organic EL device was formed ther- 
eon with an inter-layer insulating film and a cathode sep- 
aration structure, thereby obtaining a substrate. 
[0068] This substrate was placed In a vacuum cham- 
ber, which was then evacuated to a vacuum of 1x10-* 
Pa or less. While the substrate was rotated at 10 rpm, 
the evaporation source-1 for the host material was used 
for the evaporation at a film-deposition rate of 10 A/sec. 
of m-MTDATA to a thickness of 400 A on the substrate. 
Following this, the evaporation source-2 for the host ma- 
terial was used for the evaporation at a film-deposition 
rate of 1 .0 A/sec. of TPD to a thickness of 350 A. In ad- 
dition, while the evaporation source-3 for the host ma- 
terial was used for the evaporation at a film-deposition 
rate of 1 .0 A/sec. of Alq3 to a thickness of 500 A, the 
evaporation source for the guest material adjacent 
thereto was used for the evaporation at a film-deposition 
rate of 0.01 A/sec. of rubrene, thereby effecting doping 
for a light emitting layer 

[0069] With the vacuum condition still maintained, 
MgAg was formed by co-evaporation (binary evapora- 
tion) to a thickness of 200 nm at a deposition rate ratio 
of Mg: Ag = 1 0: 1 to obtain an electron injecting electrode. 
[0070] The obtained organic EL device was driven on 
a constant current having a current density of 10 mA/ 
cm2 in a dry air atmosphere to measure a luminance 
distribution within the substrate surface. The luminance 
was 1,000 cd/m2 on the average in the substrate sur- 
face, with its distribution in the substrate surface being 
limited to within ± 5%. 
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Comparative Example 1 

[0071] An organic EL device was prepared following 
Example 1 with the exception that the evaporation 
source for the guest material was located at a position ^ 
spaced 300-mm away from the center of the substrate. 
Then, the film thickness distribution and luminance dis- 
tribution in the substrate surface were measured. 
[0072] As a result, the film-thickness distribution of ru- 
brene obtained by the evaporation source for the guest to 
material was found to be ± 27%. The luminance of the 
obtained organic EL device was 900 cd/m^ on the aver- 
age in the substrate surface, with its distribution in the 
substrate surface being ± 20% or greater. 

75 

Example 2 

[0073] Following Example 1. TPD was formed to a 
thickness of 350 A. Then, while the evaporation source- 
2 for the host material was used for the evaporation of 
TPD at a film-deposition rate of 1.0 A/sec, the evapo- 
ration source-3 for the host material was used for the 
evaporation of AlqS at a film-deposition rate of 1 .0 A/ 
sec. simultaneously with the evaporation by the evapo- 
ration source for the guest materia! of rubrene at a rate 
of 0.01 A/sec, thereby obtaining a ternary deposited 
layer of 500 A in thickness. In addition, the evaporation 
source-3 for the host material was used for the evapo- 
ration with a thickness of 100 A of Alq3 at a film-depo- 
sition rate of 1 .0 A/sec. Then, an electron injecting elec- 
trode was formed following Example 1, thereby obtain- 
ing an organic EL device. 

[0074] The obtained organic EL device was found to 
have a luminance of 1 ,000 cd/m^ or greater in the sub- 
strate surface, with its distribution in the substrate sur- 
face being limited to within ± 5%. After the device was 
driven on a constant current having a current density of 
10 mA/cm^ in a dry air atmosphere, the half-life of its 
luminance exceeded about 10,000 hours. 

Comparative Example 2 

[0075] An organic EL device was prepared and esti- 
mated as in Example 2 with the exception that, as shown 
in Fig. 4, the evaporation source-2 for the host material 
and the evaporation source-3 for the host material made 
an angle of 180 degrees with each other as viewed from 
the center of the substrate and the substrate was rotated 
at 3 rpm. 

[0076] The obtained organic EL device was found to 
have a luminance of 900 cd/m^ or less on the average 
in the substrate surface, with its distribution in the sub- 
strate surface being ± 20% or greater. After the device 
was driven on a constant current having a current den- 
sity of 10 mA/cm2 in a dry air atmosphere, the half -life 
of its luminance did not reach about 6,000 hours. 



ADVANTAGES OF THE INVENTION 

[0077] According to the invention as explained above, 
it is possible to provide an organic EL display fabrication 
system and method which are well compatible with a 
substrate having a relatively large area and ensure a 
small film-thickness distribution, high material usage ef- 
ficiency, a high practical rate during film formation and 
a constant doping concentration, and so enable organic 
EL display devices of high quality to be mass-fabricated 
with efficiency yet at low cost. 

[0078] Japanese Patent Application No. 1 1 -233654 Is 
herein incorporated by reference. - , 
[0079] While the invention has been described in de- 
tail and with reference to specific embodiments thereof, 
it will be apparent to one skilled in the art that various 
changes and modifications may be made therein with- 
out departing from the spirit and scope thereof. 
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Claims 

1 . An organic electroluminescent display device fabri- 
cation system comprising a substrate on which said 
25 organic EL display device is to be formed, a means 
for rotating said substrate, an evaporation source 
for a host material and an evaporation source for a 
guest material, wherein: 

30 an n value is 3 to 1 0 for said evaporation source 

for a host material and 8 to 18 for said evapo- 
ration source for a guest material as given by 
an approximate equation m/mo = (Lo/L)2.cos" 9 
where mo is a vapor density at a center on an 
55 opening in each evaporation source and at a 

distance Lq from said opening and m is a vapor 
density at any position located at a radial angle 
6 from a center line of said opening and spaced 
away from said opening by a distance L. 
40 said evaporation source for a host material is 

positioned with respect to a center of said sub- 
strate such that said evaporation source is lo- 
cated at a position that is 1 .0 to 2.0 times as 
long as a center-to-end distance of said sub- 
45 St rate, 

said evaporation source for a guest material is 
positioned with respect to the center of said 
substrate such that said evaporation source is 
located at a position that is 0.5 to 1 .0 time as 
so long as the center-to-end distance of said sub- 

strate. 

a vertical distance from said opening In each 
evaporation source to a plane including a sub- 
strate surface is 1 .0 to 3.5 times as long as the 
55 center-to-end distance of said substrate, and 

said evaporation source for a host material and 
sakJ evaporation source for a guest material are 
simultaneously used for simultaneous evapo- 
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ration of at least two materials. 

2. The fabrication system according to claim 1 , where- 
in a center line of each evaporation source Is at an 
angle of 1 to 45 degrees with respect to a psrpen- s 
dicular going from said plane including the sub- 
strate surface down to each evaporation source. 

3. The fabrication system according to claim 1 or 2, 
wherein said substrate has a maximum length of io 
200 to 1 ,000 mm. 

4. The fabrication system according to any one of 
claims 1 to 3, wherein an organic layer to be formed 
has a film-thickness distribution of ± 10% or less. 

5. The fabrication system according to any one of 
claims 1 to 4, wherein a rate of evaporation of said 
guest material is within 0.1 to 10% of a rate of evap- 
oration of said host material. 

6. The fabrication system according to any one of 
claims 1 to 5, wherein center positions of said evap- 
oration sources subjected to said simultaneous 
evaporation are located within an angle of 90** as ^5 
viewed from the center of said substrate. 

7. The fabrication system according to any one of 
claims 1 to 6, wherein during evaporation said sub- 
strate is rotated by said rotation means at a rate of 30 
at least 10 rpm. 

8. An organic electroluminescent display device fabri- 
cation method, wherein film formation is effected by 

a system as recited in any one of claims 1 to 7. 55 

9. The fabrication method according to claim 8 , where- 
in evaporation is effected such that a film thickness 
of 10 A or less is obtained per rotation of said sub- 
strate. 

10. The fabrication method according to claim 8 or 9, 
wherein a doped layer to be formed has a concen- 
tration distribution in a thickness direction thereof, 
with a maximum value of concentration thereof be- 4£ 
ing at most 3 times as large as an average value of 
concentration In said layer. 
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